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[57] Abstract: 

PURPOSE: To raise productivity of L-phenylalanine by desensitizing an en2yme to be 
subjected to feedback control with L- phenylalanine and culturing a transformant 
transduced with a gene encoding an enzyme having removed feedback inhibition. 
CONSTITUTION: A bacterium of Escherichia coli deficient in tyrR and tyrA is 
transformed with a DNA fragment encoding an enzyme having removed feedback 
inhibition substantially with L-phenylalanine by variation of one or more amino 
acids of DS and CM-PD and with a recombinant vector containing DNA fragment 
encoding SK to give a transformant. The transformant is cultured and L- 
phenylalanine produced in the medium is collected to produce L- phenylalanine 
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(54) [M!4>«1t;] M:UL-7i-^T7->(D» 
(57) Mftl 

[Bftl L-7x-;l/77^y{Ci57^- K'<y* 

MA] DS, CM-PD^l^v>t : tixJ^±cDT^ 
-C, tyrR , tyr A^ Qxj/x jl fc 
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t y r R , t y r A itfc^£:ft£: Ifc h<DXh 

7-!J>»v'^-f (BTDSfclftt) T?£>oT, _a_ 
r o F tCJ- K£ft&t>0>0>N;£J8£9 1 4 7#BcDT 

S, a r oFJ CJ— K£ft5t><P<0N^ffi«fc>? 181$ 

S, a r oG |C3 — K$Jl& t><D<DU$Zi&£ *) 1 5 0# 
I^T'n 11 ^Si 5 ^v/^H:i^$nfcDS, _a_ 
£oGiCn-K^i^(DN^J:»3 2 0 2#@C0T 
7^>-aS^^ix^v^S^®^^^DS. a r o 

r oGCJ- K^t)(0<DN«J;^ 1 4 7#@CD> 
T-^VftSaW yn>f^3@|SlC(a^$H3 3 2#@ 

o^^.^^nsx^y^auEccM^n^Ds. _a_ 

r oG C3"K^Mt)WN^J:>? 1 4 7fgoy 
^*^V«SdWyn^^>-«S<c®lft$HfcDS, a_ 

?*~>mmtu yvj f>&mzm&£ix2 1 9#g 

-tf (£XTCM-PDtll&f) ■Cfcot, 3 3 0#@CDir 
y V»S*^n y >&&tC@&£;h,fcCM-- PD, 33 
0 # 0 co-fe: y >^S^T^^<^ ^v^Sica^^H^: 
CM-PD, 3 3 0&&<D J tV>m&U&&X£:l'ltC 
M-PD, cOrt^^iltfixet^-fit^lo^n-Ki--5 

^a-KtSDNAlrWxi/tU fcTjmffiJE^y* 
[fft**S2] y fcT ■ 3 UAJ12741-C*) 

[000 1] 

/fiTCfca. *38*Ef*, L-7x =yUT 7 - ><0%M\Z- 
[0 0 0 2] 

MMffll^L-7x^77^>^ 



a!/ «rfflv^6t>Olc, 4$0SB8 5 6 — 1 890. 4$MB85 
7- 1 7 0 1 84, ftMBg 58-103398, tiBMB 

6 1 -9 2 56 5. 4#B8¥ 1 - 1 04 1 60, W8k'IM 
WO8 7/00 2 02»^ l/:L-7x^77=. 

y *AJRo8«*$:JBv*St><0fc, ^Mffg6 1-128 

COtd, #§8886 0-3 4 1 9 7, #§flB86 0-2 4 1 9 
2, #MB36 1 -2 6 0 8 9 2, &B8B86 1- 1 24 3 

7 5^biXTl^„ 

[0 00 3] ii^, L-7x^77^y^g^lC 
[0 0 04] tt*ttfl«C*5lvC 7 -f - K'< y * MA* 

-d-77 try^yp^fife- 7 - y t? 

(£*T, TDSj £P&T6) *\ 7*U7xyftrt K7 
*~t? (£AT, rpDj fcft-*-*) ftifASfcfco 

[0 0 0 5] ^> 

xyt7'3yi;*3^m DSiai3H&tf>T^ yif 

>TA^^-f-^ - <t 7***0 b*l/t^£ a :iix<btt. a r o 
_F, a r oG , a r o H £ PgE&h, 5 ggfrlC a ~ K£ 
ft, ^tl^HL-f n yy, L-7x-/P77^>, L 
- h yyh7T^fCct:^7^-hV<iy^^^it6 a 

[0006] cne>oig^{cg§i-^j^E?!is^r $ 

g£K.£r££ixTV^ [ a r o F : Hudson, 
G.S. and Davidson, B. E. , J. Mol. Biol., 180, 1023 
(1984) / a roG : Pavies, W. D. and Davidson, B. E. , 
Nucleic Acids Res., 13. 4045 (1982) / a r o H : Ra 
y, J.M. et al, J. Bacteriol., 170, 5500 (1988)] * 

[ooo7] %mmr $ ;®&%>mmz£.M'tz>tzMc 

C0DS5t^C09*>, a r o H fc J— K£*l5P S ICO 

^WBfeSiifcgHai a r oH tm&ZtlX^Z [Ray, 
J.M. et al, J. Bacteriol.. 170, 5500 (1988)] « L 

a r oH a&cQDS&tett, f&COD 

£&A£tt)S31\ a r o F , a r oGC^-K^n^) 

[0 0 0 8] L-fPi/y>:j;5 a r oF tP:M — K/< 
y * t LXU<> t^—?>iz 

<t5io [Weaver, L. M. and Herrmann, K.M., J. Bact 
eriol., 172, 6581 (1990)] #5>0, N^aSXO 1 4 8 

1^5, 
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[0 0 0 9] 7-<—h''<y?m&t>mf&£ft>tLDS<D? 

% s ®L$&mtw^ £ tit. i> ©3WJW7 s j rnvym 

&btlZ<0*XhZ> 0 ^YV-XbtiK a r o F tC^- 
K£ft6DS<D 1 5 2#@OL-W ^ y&g&L- 
^ y d ^ v vft££Bft1-£ r. £ -e L - f- d v^tc J: S 
y 4— K'<y ?&RW£#J&U L-y *-/i>T y~><D 
«»*»C*f]fflUTV>5 [I^BIW0 8 7/0 0 2 0 
2] 0 ^^^)(j: a roG IC^-K^SDS 

LfcDS ( a r oG ) ^#UTL- 

8-1 03 3 98] „ L£>L#ri s £>. ^#i£r~Cli, L — 
7 a: ^/U T 7 - V £ 5 7 >f - K'< y ^ $ ft 

fcDS <7}g*i*if£ft<D-r - ? L — 7i -;wr y~>(D 

[ooio] fciiPDicoi^T-efo*^ y tr 
• ^ y ic^-at* ^y^-; yKA^-f (ejit\ rc 

mj &*xfPDm&&G-rz>2mm&m (c 

P h e A <e^^ft6itfe^tcr7-K^ixr^9, ^ KV 

^7-;/Kfi^m$nTl^ [Hudson, G. S. a 
nd Davidson, B.E., J. Mol. Biol. , 180, 1023 (198 

4>] Q y ol ^>\<t 7 ^^^^mz^m-r^tM^t. 

Z<DCM-PD(Dy ^~;isTy^>\z£Z>y h''<y 

r^5 0 WiLlI x y-y^^fe'yhyy^ CM- 
PD<P2<!g(N;fc$£ ( fc'? 2 2 6#B£3 3 8#g) Oh 
yyh77>Sl^f^ [2-t 
hn/<y^;U7t^!>Aynv^ K] Xfeffi-fZ 

yj-Y'<y9m#\zm ) &<D&m*xzz>- 

£L~CV*5 [Gething, M.J.H. and Davidson, B. E. , Eu 
r.J. Biochem., 78, 111 (1977)] «, /<y?~?> 

[Wl-2 3 559 7] p atK!7— 

y :/ h7 7 y-r/^-y-t y >-^n y ^ y 

££r*?&L£: [@gm£)FW0 8 7/0 0 2 0 2] „ 
6(i-f-<T. 3 3 8flO h l)7*h77 >&&lCOl^T 

[0 0 1 1] -7j. 3y*S&^C;fc^Ttt:. PD*® 



^r^vKioT^ K'^;/m£££ttTv^6r. 
[0 0 12] »»**3-Ki-3Ms*CD5*>, 
[Ozaki, A. et al . . Agric. biol.chem. , 49, 2925 (1 
986)] , RV&Bb [Ito, H. et ah , AppL Microbio 
l.Biotechnol., 33, 190 (1989)] lj;7x^7 7^y 

\z ct 5 y << - kv< y * m*As*» * nfcae^fcov >t 

^<oPDitG^^sge^i^^Lr^»9, ^>^y 
tr-^yK-i 2 <n P h e Aj g^ t <pfiarattfr»« 

LTC^3 [Follettie, M.T. and Sinsky, A.J., J. Bac 
teriol., 167, 695 (1986)] 0 Lft>LttA*b, ^ l J 

[0 0 13] L-7x^V77-yW4^|(Ot 0 1 

^-t^o ) tfhZtf, ^is*V tT - ^y^SKiS^ 
a r o L tey'y ? [J. 

Bacteroil., 165, 226 (1986)] *:C0&gEW&:J£ 
tuTt^ [J. Bacterid., 165, 233 (1986)] 0 L^t 

(*5§aB8 6 2-14368 2) « 

[0014] * 7t^^>^ y tr • 32 y K^Ttt, t?# 

i^)DS (iSfe^i: It a roF , a r oG ) , SK 
(^^jr Lt aroL ) . ^ Ltfo \s*yT \ J by 
>^7x7-f (igfe^<b U tyrB ) ©ifi^Olg 
^^$H$fl^5. l«57^K/<iy^«lWTOft 
-T^r ^^^n■CV^^^ [J. BacterioL, 108, 400 (1 
971)] 0 :<DTy r R^Vy>^^it^ ( t y r R ) 
&%£:Llt^i>'3L\) tT • a!)^^tL-7x-/l'7 

<b h7^y^)<O0i| [Biotechnol. Lett., 4, 223 (198 
2)] , 7- 1 7 0 1 8 4] d5*JP>nrv^-5 0 

Z.<DWXa t y r Ri g^-TQX^L^^'Vni !)t7-3 
yiC^AT^iS^i LTtjt a roFbh e A(Q2Q 

[0 0 15] 

bX*>Z> 0 
[0 0 16] 
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[0 0 1 7] fi|J*>#$gEtt, l &^L*ix£JLL<aT 

^S^ior^ /&icg&i-£, &£v*i2£5fc-f 

IS£#&l&£ftfcDS:fcJ:0<PD&:3 — K1-5DNA#r 
-CJg@$H&£*lfc, tyrR , tyr A% fc^<ft 

£i£H-f6;i£{cj:»9, l-7x ~/wy 

I0 0 181 £btc;£ESg^te, ^v^y tTIlctS 
84»-C*ot, Sl^ ty r R , t y r A igfe^£;X 

tt^^^^y tTl^DS-CfcoT, a r o 
-K$tt5t>OON^<tO 1 4 7#BOTX/<7*> 
»«*^r^^v^V3R»C«lft$ixfcDS. a r oF 

lC3-K$iiat>^>ON5e»J:D l 8 iSBotyy^ 
S^^ai^yury^vaSlcBJft^ttfcDS, a r oG 
1-3— K£ft,*fc4>fl)N5fciSJ:0 1 5 OfS^ayy 

K$ft3t>tf>tf>N5fcESJ: V 2 0 2#0O77 = yaW5 
*i^->&SK@&£ii,*:DS, a r oG l:j-Kj 
*i£fcocoN;fc3{&J:»} l 4 6f|(077^7^^1 
d5TX^7^>SSlCfi»$^fcDS, a r oGt:^ 
K$tt6t>©ON*igi:9 1 4 7 $B<z>j( v££ 

HW^y^>aStCB*$ttfeDS« a r oGCn- 

K^nSfe^N^J:*) l 4 7f soyf^y^S 

iWyo-f-»ftSI-H*$ixfcDS, a r oGl^- 
K3Jt6fc*>*>N5fc«J: 9 1 5 7fgo>ft-^l 
iWyo>fv'y^Ii:llft2fH2 1 9#@<DT7-WJe 

vhox. 3 3 0#@©ty v«s#>fti y vasta 

7*V»^glcg&£ftfcCM-PD, 3 3O#B0Hr 

L - y * ->\>7 7 - ^co5Sit&T*> 5o 
[0 0 1 9 J *36^#btt> tT -allfl!) 



->^U L-7xn/V77-^4IiJ:»)7>f 

ttfSU Lfc. S&lc* x^ye7-a 

[0020] fclC, DS fca— K-f Slfif^PD^n 

- K-rsagf «ra»»*>^r t y r r ec^ t y r 

Aite-T-^^tfc^^o: y b7 • =1 y {c^Atfc^rJ; 

a* l-7i y =. ><D&m±m& x^ztzft 

[0 0 2 1] j^T, #»W£PttfclM!-r5. 

[0 0 2 2] *«H&&tt5» 7<f~K'<??fiMMSflF 

[0 0 2 3] Jfc1\ xi/-* y tT • ^ y K- 1 2C0MC 
1061ft (ATCC 5 3 3 3 8) O&feftDNAcfc 0 
PCRMK a r o F , a r oG |6^^n-= 

[0 0 24] aroF Ri; aroG j:tt L-fn^> 

[o o 2 5] a&- : HcsA*±i:3-**ictt« y=»>tf 

t^hPCRft [PCR Technology, Stockton press (198 
9)] . SB{£#gft£gfc [Kramer, W. and Frits, H. 
J., Methods in Enzymology, 154, 350 (1987)] 

[0 0 2 6] DSIC^^t, te<0TS/gHCffi&$iV5 
T^/gfcRSJ:^ L-foi/y, L-7x-;U77- 

TSyBfcSUMrV^. M tfa r o FlCj:oTJ — K$ 
^DSW N^gfilctO 1 4 7#@07^7^> 

[0027] Ds»i^rt5te<DT^ y»ft*^<oe*i 

fi, L-^n>^ v L-7x^V77^>, *>5t^L 
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[0 0 2 8] 



& §& a 



a r o F l 5 
a r o F 3 3 



1 4 7f g Asp — A s n 
1 8 1 |g Ser — Phe 



G A T — A A T 
T C C — T T C 
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[00 2 9] «BEfc*5tfS, y<{-\*'<?9mx&m 

^^-MCfcVvCttPD* X*/x !) t T • =J D KlJaV^T 

<t 5lCLTfrofc. 

[0 0 3 0] *-f\ L-7^^T^=-V$r^»^±M 

3 3 0#@Oir y ^S£T*^7*vam»C®&L 
*:CM-PD:fc£tf&3 3 o*lot!/yai£«^ 

[00 3 1 ] *3g*m * 9 P Dgt^tt5»I tt. 
M-PDt^ofc2«tefl!>ett$-^-t"Sfc^«rt^. 



[0 0 3 2] PDKfc^T, ft!WTS/&t£fitfc£*L 

ynf/^r!)!)A-7^h7a:/M^AW 
PDlC*5^TriN^gillJ:«9 2 3 5#@, x*/sllt7 
• 3y^>CM-PD(C^^T«N^jgfflfJ«t9 3 3 0#@ 

co-try v^tDBift-efc ^^y tr • =>y 

<DCM-PD<DN^gftJJ:0 3 3 0*|Oty 

[0033] pdic&^t, teor s y &ag^tf>@& 
x\iy* u \?s<? fy i)a • h7x/M^AoPD 

lw*5V^xtt:N*figWJ:D 2 3 5#@. x^x'JtT - =3 
y eDCM-PDtCfc^TttN^ftJ; »? 3 3 0f@(0t 

x!> tT* 3DK-1 2^3 3 0t@«ty>M$r 

[0034] S KiS^tCO^TIi^v-^ U t T • a !> 
K- 1 2<DMC 1 06 lUc^fe^DNAiO PCR& 



-5- 



[0 0 3 5] ^Mt'W^»^DNA> 

^fc^M. lac , trp , PL^fcD^v'xy t7o 

m&XLDNAICte, tt^afi^* ^^^/V [Be 
rg, D. E. and Berg, CM. , Bio/Technol. , 1, 417 (198 
3)3 . Mu7r^ [M¥2-l 0 9 9 8 5] Sfctt 
ftllal&IBttx. [Experiments in Molecular Genetics, C 
old Spring Habor Lab. (1972)] £J8 Wc;£8:-C§fc&& 

[0 0 3 6] t y r R$Lfc^(DX£: l/c^y/x y tT • 
jfef tyr R xgfc^-O^ n-->^j: 9 
tlo/c 0 ^>ni !lfc7-3f)K-l 2<DMC 1061^ 
0&£#DNAcfc 9 P C R&frffi^T t y r R igfc^-fr 
*n-^>^Lfc 0 :<D tyr R mfs^trm^Mtm 
*-Cftiai-5 r t (C J: 9 ^ t y r R ag^trWiH U 
:<0^ t y r R igfc^£:r->;n y tT • ^ 'J (£>Skfe# 
JiOE&ft t y rR jrAilM^:^ o2 9 *g [5H£M 
Lfcit€^gjfeQ^jSfe^i:U t y r R <P£fc 

Lfc^^*»; tr- ay^riSrtufc. fr£ t y r r 
s<itx iwt^m&mm*}) h pcr^ 

6^&^%xe>n^ 0 *^'>^y tr • ^y 5r^n 

9 * t y r R i&fc^(ftft5*c LfcJtVa: y fc T • =3 y £jg 

[0 0 3 7] t y r A3 g&?Oft£ Lfcxy/ X y fc 7 • 
= y g>ft^fc t y r R Ojj^j: attic LtM$*i6o 
t y r A igfc^tt7V7 3i>g£7 5 fc Koyf-f^a- 

Lfctfc-Ctt;/ U7x l-7x -/V7 y = 

[0 0 3 8] #±<D#j£-C]fc#Lfc, 7 -f— K'<y*Jfi 
W##[££ftfcDS:fcJ:i/PD£fc^ x ^LTSKiSe 
^^tftttftxDN A"C»gfe»^iifc t y r R , t y 

r AafeT^^Lfcx->x y t7 • 3 y £Jg§£U 
L - 7 *n/l,7 y^lsZtkj&^m^Lfr. ~ti£ 

[00 3 9] {£^1"£L -7^/1-7 7^ >3i^8c7)i& 

&tt, izmm. &mm* mm* *>&xf&miz&cz<D 

10 0 4 0| ^litltlt ^n-^, — 



#7* h-^, 77^ Y-**?Xh&fv<Oft\Mftm 

[0 0 4 1] g&a££LTii. &&7>^-*A v £<fc 
[004 2] ««MMt«*tK£ LTtt, ^^Bl, 

[0043] melted, ^ic^ct, y>$#y 

[004 4] #*li»fttt*#T-C 16-72HHHi 
i-603&Si<, **ja«tt3 0 , t-4 5lCtC, **«fp 

^«<z>iHtfc5^«7/^yttftifr, icr^^r^ 

[0 0 4 5] %»»b<0L-7*^77->^l& 

[0 0 4 6] WfC^fc^ia^ 7<i—Y'*y9 

t y r R , t y r A itC^O^bfcai^a y fc7 • a 
y«inE«»SrJ&*-r5i:. L-7x-/U77^y4I 

[0 0 4 7] j£AT, Hl6«JcS-5#3E{cA*«j|cttW-*- 
[0 0 4 8] 

[3UM] 

mmw 1 7 >r - hv< y * h&wih* $ d s £ = - 

(1) xi/xy tT ■ a!)( Par oF a^iaDsa 

n:i/zcy fcT • 3 y K- 1 2 0MC 1 0 6 ltteft»&» if 

«o^ftictto-C!fefe#DNA«:iibaufc. ^ 

cO^Sfc Q. Mol. Biol., 180, 1023 (1984)] lcig«$ 
E^0#^- 1 GCTAACCAGT AAACCCAACA 

e^J#-^ 2 cccAcrrcAG caaccagttc 

te&MZG-r*. :©M»DNA^DNA^7>r^ 
Srffit^T^wy yft>^ [PCR Technology, Stock to 
n press (1989)] IC^oT P C R^§rfr^V\ 1. 5 
Kbp<ODNA^^: 0 ^T, @ 1 <0&iM\C7fii- X 
?IC. ^co^^^MSI^Eco RVt E c o 4 7 I I 
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IfSJBfLfcflL p H S G 3 9 8 (£fgig*t$) cO Sm 
a_I Wf^T4 UNA y fcJfl^Tilil&Lfc. r 

~v tr-^yK-i2ojMio 

9& (S«igtt«) £?B«E*U 4tU:^7A7 
x = n — /HHttMs*) I 3 t aro F gfry- d 5 **P A £ ixfc 7" 
7^^ K^til^d^^x? KfcSttU 7*7 
7-:KpHSG- ar oF WLt ElCpHSG- 
a r oF feMa»IK Ec o R I £ H i n d I 1 I X~&m 

T4DNA!i^W7^U'pTSl (#R¥2- 
1 9 2 1 6 2) iD Eco R I , Hind i 1 1 tyPftyy 

3UK-1 2 OD S ( a roF , a r o G , a r o 
H) ftAB 3 2 5 7 «r«M(BUlUfc (A B 3 2 5 7^ 

^fp^L-f n->y, L-7x-^77 = >, L — h y 

U 7^7*^ KpTS- a r oF frfrffilfc, 
[0 0 4 91 /7^^ KpTS- a r oF £t K 

n^>/U7^>-£JiH>fc;fr& [J. Mol. Biol., 175, 33 
1 (1984)] lCj:oT«**ffl£fffcofc«, AB3 2 5 

fc a r o Filfc^fr^rf 5^7* 5 KpTS- a r o 
F 1 5& tlpTS- a r o F 3 3 £#fc 0 7^-K'<5> 

Mt5AB 3 2 5 7W, El 2 0 A*M&JfilC 

lmMOL-^Pv^Srtax. 3£D Sf£*£#:7 - 
K'< L-7x-/U77^yH-F'J 

[0 0 5 01 (2) X'Vx'J t7« J'J^) ar oG fe£ 
«M(DSl»fl)W» 

a t oF afi^a^fcattlllT, gftg a r oG & 
&?-£rl*WLfc. £&M>X0t [Nucleic Acids Res., 1 
0, 4045 (1982)] UMtSifCVS a r oGjSfc?(P*S 

NA^7^-2*$r£j£L7Co 
ffi^J#^-3 CTATTTACCC CCTTATTGTC 
4 ACTCCGCCGG AAGTGACTAA 
^7^^-^MC 10 6 1 »tf>ffefe#DNA£JBV> 
PCR£*£tTfcV\ 2. lkbpWDNAi^ 

a 1 1 j: £co 4 7 I I I V^WiLft^ pHS 
G 3 9 8 (SSSttS!) O S a 1 I t Sma 1 i2J»r&£ 
T4DNA!l^-^ffl^tliKlt Z0>E£&£4fe 
tJM10 9«cM<Sftl, 4f Lfc^P7A7x=: 
=* -/^Wtttt O * "Car oGgfiWHA Zflltzf?* 



KpHSG-aj^oG^lt ^(CpHSG-a^ 
r oG frfflMBK E c o R I f: Hind I I I T?«|ft 
6 ^frfrfc a r oG frSfr-TSD N A Br* 

T4DNAy^-ifT% p T S 1 ©Ec_o R I x H 

1 n d 1 1 lW77^yhil^Uc fl ^^RffiiB 
^t?AB3 2 5 7^ ( a r o F\ a r oG x a r o 

h) *«mEiftu ^wufcr^trvy vis«4^otfT 

7^M«LT^5>^f>7'7^; K&ttlil 
L, ^77> KpTS- a r oG ^Ult 
[00 5 1 ] r 07*7* 5 Ktr a r oF Oi^j: 

AB3 2 5 7«c(31f5iU T*\f*s»>m*m 
*rI&»Ufc 0 :Hb»S*lcHl 0mM©L-7x=/w 
77- >*to©*4>»J&lc±« b^®^$r 6 ftiSft U 

o G igfc^- tr£1ft Z>-7y?>% KpTS- a r o G 4 , 
pTS — a r oG8 > p T S - aroGIS , p T S - 
aroGl7 , p T S — a r oG 2 9 , p T S - a r o 
G 4 0 frfrfco 7 <4-\?'<y*&mW&£tiX^tj:^ 
a r oG fr^frT^* S K^ft6AB3 2 5 7^ 
tt, H 3 I? &'J?t&mz. 1 0 mMO L-7x -)V 

L — h y 7 P h77V-^L-foi/>iV^fc 

ft*. 

[0 0 5 2] (3) DS»*IStt<0»« 
±3SO^»®a L r_o_F (2gJI) &t/g»S a r o G 
(6«M) «r*W"*-ft^^S KS\ DS^MtU 

!r«*>« Ht7-3yAB325 7#fcijJA LTJgME 
fltMstrMU -ttl^n^A J 1 2 5 9 8 (AB3 2 5 
7 / p T S - aroF15 ) , AJ12599 (A B 3 

2 5 7/pTS - aroF33 ) , A J 1 2 5 6 2 (A 
B3 257/pTS - aroG4) % A J 1 2 6 0 0 

(AB3 2 5 7/pTS-a_roG8) , A J 1 2 5 6 

3 (AB3 2 5 7/pTS - a r oG 1 5 ) , A J 1 2 
601 (AB3 2 5 7/pTS- aroGl 7 ) % AJ 
12602 (AB3257/pTS- aroG29 ) & 
t;AJ 1 2603 (AB3 2 5 7/pTS-a roG4 
0) t&£V1t. Ztlb?>ft* t%$tifck LTAJ 12 5 
6 3, A J 1 2 6 0 3^tit^h,. t7 • a!) 

FERM BP-3567, FERM BP-35 

^^^5 Kt>ffl*lC»ALfc. 
[0 0 5 3] ^ixbO®^^^OL-7o:^/ur 

[Sugimoto, S. et al..J. Bio techno 1. , 5, 
237 (1989)] »>T2 4««Lt Z<Dft&m 

& [Gollub, E. et al.. Methods Enzymol. , 17, 349] 
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tCt£o-C. a r o F <0^l-f a->y#feTT> _a_ 
r oG Ol^tt L-7i 7 - V^&TT D S CDg£ 

^^Ot>0 (^v^y tr-3!JAB3 2 5 7/ 
pTS- a r o F ) Xl* L -^o > V<D^SETX^^fS 

t> £)-m L - ^ n y VIC J: 6 7 j — hV* y ^ mStftete 

ytT-mj AB325 7/pTS- a r oG ) XttU 

*LTlr^*f«t"CHt*<, L - 7 =n=/WT 7 = 
ftoT. *2W£tt#±# Lfc. 
[0 0 5 41 (4) 7*-K'<**»*jMWfe*HfcD 

7 -f — H' < y * »* JWIMfe S*lfcDS©i6ftfc5a. 
r o F 1 5 , a r o F 3 3 % a roG4 , a r o G 8 , 
aroG!5 s a roG!7 , a roG29 , a r oG 

4 0(P&ggg?iJ£igS?CP;fr& [Molecular Cloning (Sec 
ond Edition), Cold Spring Harbor Press (1989)] tCtfc 

[oo5 5] mte«2 7 4-hs<y?mmwf&£fi 

*1\ iE^DO 3 y^y^T-y r>A(7>P Differ [Follet 
tie, M. T. and Sinsky, A. J., J. Bacteriol. , 167, 69 

5 (1986)] bV>#Wl&Zimt\*X* 

KpAj i 6 c o i toKtomg&m*?^ 

(ct^-To ft* &:/7*^Kf*, yw'J/^f y *A - ^ 

^h7r^^AAJ 12125 (FERM-P75 

4 6) iz&ftztiz. [as, Kr^;/^ii3y^<^ 

tl^« &<C, Kp PHI 4 JLtCfc^y 

*S<bft*u ft, ^^U'liynr^r'J^A^ 

* K^r-y >^AA J 1 2 2 5 9 (FERM P-3 

5 6 5) mz&G£thz>b<nz&fti,it 9 m±#t7 4 

5#Btf>-tr y y^yo y xft*te*#lLT^fc # 

loose) (2) ^>n: y tr • =i y<o££®CM- 



A*/*!) tT • ajK-l 2CDRRlfta*<b, j$ 

[00 5 7] — ^^0^^ [Hudson, C. S. and Dav 
idson. B. E. , J. Mol. Biol., 180,1023 (1984)] ICfE 

m^ftxv^5 p h e A fcfc+vmm&mcm-i^x % 

T\ztf-?£ i /j:^fi!cDNA7'7'f -^—4^ (E?y#^7 
-10) fca»*>£i6Tfls*£j* Lfc, 

Sa^J#-^- 7 TCAACAAGCT GGAACGGACG 

E?'J#-£8 CGCCGATTTA CCGCCTTGAG 

6e^i|#^- 9 CCGTCTGCAA CCACGCCCGA T 

S2^J#-^10 ATCGCGCGTG ATTCCAGACG G 

7 h 8 tt-frtt^i tp h e A ag^(0±»j5J:r/Ttt<C« 

Wji&MZ&i. 9t 1 OttfctfvMCftffifcrefcO. T 

3 3 0#g£)1r y V^Sift^fi^J <t 
*BI^ft£J$O 0 xVx!) t7 • 3'J K- 1 2<0CM-P 
Dt^ls*?'*??}) - 7? V7T-* W A(D P D 

^(i^v^l^te$rWL, ^l:x*/xyt7-3yK-i 

2<DCM-PD^N^igct f? 3 3 0#@£Hry>^g 

n*«sj;*> 2 3 5#9oir y ymm^te%i-Zi><Dx*> 

[0 0 5 8] &t£. ?feWDNAl m £*W^7 
*>J:i; 1 0 ^7*7^ ^-*>(73^ 3 0 0 n g , 
^J#^-8*5j:CF9^y7-r^-ib k Oio0 3 00ng^ 
\**X % PCRS^m\ -fcivCTtl. 3KbpH. 
5Kbp(ODNA^$:1lt 0 iPCR^l ^/V 
y y^e^>^[Erlich, H.A., ed., PCR Technology, 
Stockton press (1989)]tC Lfc^oT, 
d (Thermal cycler, Perkin Elmer Cetusfrjg) £r/E^ 
T9 4t:i5>^, 5 0t27*R3* 7 2X:3ftW<D&fc% 
IVJ ?/l'tl,X2 OVJ t^ftteoit* rft^>£DDN 
A^fK-^T^n-^y/vm^fijt, DNA®lfe*yr 

(Gene Clean, 7 -J- =x *>tfcjg) Zhh^XM 
»U I{c:flP)(D»Tltt£»^7 i: 8(7)^7^-7- 
$rffi^TPCR^^fTt\ 1- 8Kb p<ODNABr# 
4r»fc, ro^^r^lfg^B a mH I j:Pst I X® 
Ml,tz'&. 1. 7KbpWDNA»rM7^D^y;u 
«ft*ftlciO®iRL % M^r.co^/tt^7X^ KpH 
S G 3 9 8 (^ SitltK) (O Bam H I , P s t I SJ8r 
^T4U^-^ffi^T^lt CftSraLv-^y fc 
7 • 31JK-1 2 tf)K A 1 9 7^ ( pheA ) 
^L. ^ a7A7x^^-/Ui^(7)^-C, 7 

L, pPHAB^U:, ^fi^Sr^^Sw^Jc 
iU^^U'^ 3 3 OSB^t SI >9Sd^n y 

[0 0 5 9] (3) ^C/a: yt7-3!)K-l2Wty 
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r Agg^frWttW 3 1 1 0&:<Di&&L 

$-f v y tr • = y k- i 2<^w3 i i (i 

1 2<OME8 4 2 4tfc (H f r P045, t h U r e 
1 Al , t y r A : : T n 1 0 > u n g — 1 » n a d 

B_) (H4aew«0fJ:9A¥-) 0«»*«rJR*L, 3 

y^v/y.f F7t^^!J^ L-fn^'/titf 

2<DW3 1 1 0 ( t y r A ) «Sr*»Lfc. 
^<Ot*«C, (2) ■e»fc7 f 7^5KpPHAB«:»R(E 

»78K*te*Wc [W3 1 1 0 ( t y r A ) /p PHAB] 
ttftXffilC*ft$ivC:fS9. VRSf-KFERM BP 
-3 5 6 6X$>Z> a 

[0 0 6 0] (4) PDS»flfttro«« 
3:^3: y tr • 3 y K- 1 2<OW3 1 1 0 ( t y r A ) 
/ (p PHAB) #tf>f£#£, UMffl^T3 7t, 

h»xm&mmm (pH7. 5) ic«»ufca. 30^ 

IB, 4®<Dtt** (20kHz) «#-J-*r£KJ:!Jfi 

[0 0 6 1] PD0li!H&i£ffl£ttt **fe [Cotton, R.G. 
H. and Gibson, F. , Meth. in Enzymol. , 17, 564 (197 

OmMMI^MW (pH8. 2) #&T\ 3 7t 

10 1 NaMMW- b 9 V J*%MtCXEL1&* 

ffJhflL 4*lfc7x^fcf!)iry»S:3 2 0ninOg 

(BioRadlt®*) Srfl!v\ ^nh3-;H: 
t£ofc 0 »*tt»4BiC^i-J:3l^ KICM-PD 

^jmW<*ftS<Z>lC*tU £^CM-PDJ15mM 

[0 0 6 2] $?)i:L-7x-;l'77-^#^TT 

3. 5xl0 2 U/mggfit, KA&«>«*f* 1 . 5 
xi0 4 U/mgI6^ ±9fit«*»tt*r*Lfc. 
ror £tc.fc»K 3&£^££A-f <tlcj; 9, L- 
7 a: ^/ur 7^>i:i5 7^K/<7^ »*AM*<D*fc 
&t\ «*ft*fctt»lftl£tt^4 0«ii^:$-ar6rfc^ 

[0 0 6 3] (5) JtS/x!) fc7 • = 

pd^3- Ki-*««a&f-<o«» 



(2) Pttfc* BB?»*1 1 -1 4 0>g>j$DN Ag- 
ft* U :*i«:fflV^3 3 0«Ot!l >*S#r*/< 

7^>at»a«wia*LfccM-PD*3«tt/3 3 o§@co 

-fey ^lW^^Lf:CM-PD^3- 

^iimpPHAD, pPHATerra^Lt 
E?W* 1 1 CCGTCTGGAA GACCGC 
CCGA T 

iBJlJ## 12 ATCGGGCGGT CTTCCA 
G ACG G 

EJIJ#^" 1 3 CCGTCTGGAA TGACGCCCGA T 
ga^lj#-^ 1 4 ATCGGGCGTC ATTCCAGACG G 

[0 0 6 4] JEfC v Z<0??Xx K*W3 1 1 0 ( t y 
r A ) *lCii*(0»K«fttfe«rfflV^«ALfc. ft*5 % 
W3110 ( t y r A ) /pPHAD, W3110 (jt_ 
y r A ) /pPHATe r mtt**Leh#IWlC#K* 
ftT:fc 9 , *te##Wt**l«XF ERM BP-365 
2 irFERM BP-36 5 3 

[0 0 6 5] (6) PDmffittOHft 

ytT-^yK-12 3110 ( t y r a ) 

/p PHADft, W3110 ( t y r A ) /pPHAT 
e r m$|c(0il*:^, UMfflV^X3 7t, 1 5^ 

r- (4) t^Lt, PDmmm&comfe&ft^ft. 

(4) i:^|«-C*>*) % MSCM-PDI4 5mM 

[0 0 6 6] L-7x^77-^^T 
wm&2«^**SW*©flH*ttl. 5X1 0 4 U 

^4 ommxzitzzb&xztZo 
[oo6 7] mmm3 sk«^<o^ 

*i\ x^x'J tr • 3[)K-1 20MC 106 1^ 

e>, ii^^rjfeic^oT, M^DNA^ail^. 

[0 0 6 8] — ^ 2&!4>:£&t [J. Bacterid., 165. 
233 (1986)] tC§5jK^jxT^^ a r o L ittfc^(P*figg 

2 * (£?0## 15-16) «ra#0*fe-C{b*^* L 

ga^J#^ 1 5 GCGGAGCTCG AGAAGTGGTG 
£^J#^ 1 6 ACTCAGAATT CCTTCCGAGC 
1 5 t 1 6 tt^nm a r o L iafc-7-<P±flE&lJCT*frC 
l5^ft(^^E^J^1-ao :^M»DNAtDNA7' 
7^v-|:f^Tx/l,y y^~h(Dljm [PCR Technolog 
y, Stockton press (1989)] iCfeoT P C KK^^'U^ 
l\ 1. 0KbpODNAi^#fc 0 £TF. @5i:/T 
1"J:?I^ rcO^$r$i||g^ E co RIjr Sac I T 
ijOBrbfcg. pHSG3 9 8 (£?gi£ILK) (OEcoR 
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I t S a c I »SrT 4 DN A D ^f-f ^rfflV^I^ 
UpHSG - a r o L £&fc. 
[00 6 9! Hl&fll 4 tyrR , t y r 
^Lfcx->i!J t7«3i)K-l 2<DW3 1 1 OffcOg 

^>^y tr • ^ y k- i 2©mc i o 6 i8ca>e>. a 

<fi>X1& [J. Biol. Chem., 261, 403 (1986)] Kf2i££ 

HTi^ t y r R jSfc^ <o££R idS-^v^T m^m^ 

E^ttA* 1 7 CGATTAAACC TTTGCACCTT 
S?IJ#^*1 8 GTCGATGAAT TCACCACCGA 

teWH&MZ^'tZ. ^^ftttDNAtDNA^^ 
v-^ffiV^/Hl^f [PCR Technology, St 

ockton press (1989)] «oTPCRSJ6^V>, 

1. 9Kbp<DDNA0rtt€:#fco r<D»rfr%f&ire»* 
Ec o R I £ H i n d 1 I I "CEJBr pTSKD 
Ec o R I ^ Hin d I I I (OWfifat T 4 DNA JJ # 
- J fc?£ffl^Ti£*£ LpTS - tyr R fr&fc, 
[0 0 7 01 j^CpTS- tyr R »WB»* B g 1 1 
I TffJBrl t y r R itfi^WO»3 0 0b pOifr*): 

■A tyr R fe«IBLfc. ffi%lfcpTS-A lyrR 
l^x!) t7'3!lK-l 2<^)W3 1 1 08: (Hjfc» 

TStefe(»±C0jE»» t y r R »fe?-fc» ^AlfcA t y 
jlR3t^dS|a*Ufc«:^3-7/u^u^ui/yS^ 

£9BftU t y r R »fifmUx->ayi:7' 
^!)K-1 2W3 1 1 Ottc^rigj^U^o 

100 7 1] jfj&Lfc t y r R gfe^oft&lfc 

y tr • 3 51 K- 1 2OT3 1 1 08c£r* h 

i!) t7*3!)K-l 2 0ME84 2 4flc (Hf rPO 
4 5 - t h K re I AU t y r A : :Tnl0, u 
ng-1 , nadB ) (SAfceSrSSjlr J: Y) Km 

^ tyrR , t y r A j^^^ Lfciv'i !)t7- 
3DK-1 2 0W3 1 1 OtfcSrBtff L?to 
[0 0 7 2] %ftM5 L-7x^77^^^t 



(1) 7-f-K^y^B*i»«|lft*h,fcDSJsJ:VCM 
-PD, -frLTSKfrlfrfrj-S tyrR , t y r A gfc 
?©**Lfc*5/x!l t7^!)K-l 2C0W3 1 1 0 

D S ite-7-**#i-<5 p T S - a r o G 4 »fM|R»j|gE 
c o R I <b H i n d I I I ta r o G 4 gfrftfrff? 9 ffl 
U l<Q»rMpBR3 2 2(O Eco RL Hin di 
I l»fi[l:^AUy7^^ KpBR- a r oG4 

0*J 2 -c» & ftfc 7 - K/< * * £ Jtfc C M - 

PDififmt5pPHABtr. ^MI^BamH 
I ^ Hin d I 1 l-e^LCM-PDi6^§77 
^VhSr^ttJU :^^pBR~aj_oG4^) 
Bam HK Hind i I I 9JBr$M£|iI}f A LX7 y * 

* Kp BGA 1 &m$kVtZo £E>tCp BGA 1 fr E c o 
R 1 fc Baro H 1 "CflifbUT a r oG4 - phe A grfr 
^9WU :«^rpMWl 9 (ftftt&XttSt) O 
Ec o R I , Bam H I ^JIr^i:|fAlt7'7^ $ K 
pMGAl^LJto 

[0 0 7 3] £<b£pHSG- a roUEco RI^: 
Sac lt aro L flffrfrfl 9 ffi U I^MpMG 
AKD Ec o R K S a c I ffJgrggfelCjf A 1X7*7^ 

* KpMGAL 1 £**^L*: 0 

[00 7 4] fcfcpMGAlSfcftpMGALlfrt y 
r R , t y r Aitfc^ Ofrg; Ufc^m y fc7 - a y K 
-1 2 3 1 1 0»l^hfMAU> ^ITIE^W 
3 110 ( tyrR , t y r A ) / p MG A 1 «fc XfM 
1 1 0 ( tyrR , t y r A ) /pMGA 
L 1 £i£/£L*: 0 »»«E*W*tt*fteh.A J 1 2 7 4 
0#, A J 1 2 7 4 Iflc^^U »Iflrfc:#K (FE 
RM P-12999, FERM P-13000) U 

[0 0 7 5] (2) L-^oc^/VT^^Ste 
fi»*-effi*Lfc»K«5*»AJ 1 2 604iSrL-7xx 

^77^^iiMi (^a-^2 0g, y>&*iit 

2-fhy*A29. 4g, D^2*ii?!J!>A6g, 

ififfc^H; ^ai gs SHisr 2 g. 

tM^Aiog, >f>vz x v y * a o . 4 g % 

3 g> ^7;yM2m g> ?"D'>y7 5mg $r^c 
ILlC^tf) &/f!l>T, 3 7t:T-2 4 ff^Jg^ Lfc 0 * 
Oft*** 2 *«Ht*a«*^ h 

[0 0 7 6] 
1^2] 
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I* 



a it 



( S/L) 



A J 1 2 7 4 0 



4.0 5 



A J 1 2 7 4 1 



4. 3 1 



[00 7 7] 

sa^js^- : 1 

E?y<£>&£ : 20 

k^j^s : mm 
mo& : -*m 

CCTAACCAGT AAAGCCAACA 20 
ffiW^ : 2 
§fi3&Jtf>g£ : 20 

: 

ffi^aS:f&^S? ^DNA 
£H 

CCCACTTCAC CAACCAGTTC 20 
ffi^JS^- : 3 
&Fl<n£:£ : 20 

mmvM : mm 

ATG AGC GAC GCA CCA ATT 
Met Ser Asp Ala Pro He 

1 5 
TTC ACC GAA GAA GCC CTC 
Phe Thr Glu Glu Ala Leu 
20 

GAC GGT GAG ATC GAG CAG 
Asp Gly Glu He Glu Gin 
35 



mzmnm ■. fa<omm <&&dma 

GTATTTACCC CGTTATTGTC 20 
&^J#^ : 4 

: 20 

: -*m 

ACTCCGCCGG AAGTGACTAA 20 
ffi^J** : 5 
E&\<D&£ :948 

: mm 

m<n& : r*« 

ga^lO^fl : genomic DNA 

revibacteriuml actof ermentum) 
fc£ : AJ12125(FERM P-7546) 



GTT GTG GCC 
Val Val Ala 

TAC AAA TTT 
Tyr Lys Phe 

25 

CTA CCA GCC 
Leu Pro Ala 
40 



TAT TTG GGG CCT GCC GGA ACC 
Tyr Leu Gly Pro Ala Gly Thr 

10 15 
GCC GAC GCC GGC GTA TTC GGC 
Ala Asp Ala Gly Val Phe Gly 

30 

AAA TCG CCA CAA GAA GCT GTC 
Lys Ser Pro Gin Glu Ala Val 
45 



48 



96 



144 



-11- 



GAC GCC 
Asp Ala 
50 

AAC TTC 
Asn Phe 

65 
GCC TCC 
Gly Ser 

TCC ATC 
Ser lie 

GCC ACC 
Ala Thr 

ACC ATT 
Thr He 
130 
GCA CAA 
Ala Gin 
145 

CGC GCA 
Arg Ala 

GAC GTC 
Asp Val 

GCC GTT 
Ala Val 

CTA CCG 
Leu Pro 
210 
ATC CGT 
lie Arg 
225 

GTC TTC 
Val Phe 

GAC ATC 
Asp lie 

GAA CTC 
Glu Leu 

ACG CCC 
Thr Pro 
290 
GTT CGC 
Val Arg 



GTC CGC 
Val Arg 

GTC GAC 
Val Asp 

AAC GTG 
Asn Val 

ATG GTC 
Met Val 
100 
CAC CCG 
His Pro 
115 

CCG GAC 
Pro Asp 

ATG GTT 
Met Val 

GCC GAA 
Ala Glu 

CGC GGC 
Arg Gly 
180 
TCC GAA 
Ser Glu 
195 

AAT GTG 
Asn Val 

GGC GTC 
Gly Val 

GGA ACC 
Gly Thr 

CCC GTC 
Pro Val 
260 
GTA TTC 
Val Phe 
275 

CAA ACC 
Gin Thr 

GCA GCA 
Ala Ala 



CAC GGC 
His Gly 

GGC CCC 
Gly Pro 
70 

CAA ATC 
Gin He 

85 
CGG CCA 
Arg Pro 

GTT GGG 
Val Gly 

GCC ATG 
Ala Met 

GCC GAA 
Ala Glu 
150 
CTC TTC 
Leu Phe 
165 

GCC CGC 
Ala Arg 

CCG ACC 
Pro Thr 

CCA GGC 
Pro Gly 

GAC CTC 
Asp Leu 
230 
TAC CGC 
Tyr Arg 
245 

GCC GAA 
Ala Glu 

GTC GGT 
Val Gly 

GAC CAA 
Asp Gin 

AGC GAA 
Ser Glu 



ACC GCC 
Thr Ala 

55 
GTC ACC 
Val Thr 

ATC GCC 
lie Ala 

GGG ACT 
Gly Thr 

TAC CAA 
Tyr Gin 
120 
TAT CTT 
Tyr Leu 
135 

GGA ACC 
Gly Thr 

GGA CTG 
Gly Leu 

ACC CGC 
Thr Arg 

GGC CAC 
Gly His 
200 
AGC CTC 
Ser Leu 
215 

ACC CGC 
Thr Arg 

TTC CAC 
Phe His 

GCC CTC 
Ala Leu 

TCC TGG 
Ser Trp 
280 
CTA GCT 
Leu Ala 
295 

GGA AGG 
Gly Arg 



CAG TTC GCG 
Gin Phe Ala 

CCC ACC TTC 
Pro Thr Phe 
75 

GAA GAA GAA 
Glu Glu Glu 
90 

TCG CTT GCC 
Ser Leu Ala 
105 

CAA GTG AAA 
Gin Val Lys 

TCA GCA AGC 
Ser Ala Ser 

GCC GAC GCA 
Ala Asp Ala 
155 

GAA CGC CTT 
Glu Arg Leu 

170 
TTC GTT GCA 
Phe Val Ala 
185 

GAC CGC ACC 
Asp Arg Thr 

GTG CGC GCC 
Val Arg Ala 

ATC GAA TCC 
He Glu Ser 
235 

CTG GAC ATA 
Leu Asp He 

250 
CGC GCA CTC 
Arg Ala Leu 
265 

CCC TCC AAC 
Pro Ser Asn 

AAC CTA CAC 
Asn Val His 

AAA CTT AAC 
Lys Leu Asn 



GTG GTC GCC 
Val Val Ala 
60 

GAC GCC CTT 
Asp Ala Leu 

CTC GAT ATT 
Leu Asp lie 

GAC GTC AAA 
Asp Val Lys 
110 

AAC TGG ATG 
Asn Trp Met 

125 
TCC AAC GGC 
Ser Asn Gly 
140 

GCC GCA GCG 
Ala Ala Ala 

GTT GAT GAT 
Val Asp Asp 

GTC CAA GCC 
Val Gin Ala 
190 

TCC GTC ATT 
Ser Val He 

205 
CTC AAC GAA 
Leu Asn Glu 
220 

CGC CCC ACC 
Arg Pro Thr 

TCC GGA CAT 
Ser Gly His 

CAC CTC CAA 
His Leu Gin 
270 

CGT GCA GAA 
Arg Ala Glu 

285 
AAG GCG GAC 
Lys Ala Asp 
300 
TAG 



ATC GAA 
He Glu 

GAC CAG 
Asp Gin 
80 

GCC TTT 
Ala Phe 

95 
ACC CTC 
Thr Leu 

GCA ACC 
Ala Thr 

GCC GGC 
Ala Gly 

CCC TCC 
Pro Ser 
160 
GTC GCC 
Val Ala 
175 

CAA GCA 
Gin Ala 

TTC TCC 
Phe Ser 

TTC GCC 
Phe Ala 

CGC AAA 
Arg Lys 
240 
ATC CGC 
He Arg 
255 

GCC GAA 
Ala Glu 

GAC AGC 
Asp Ser 

GAA TGG 
Glu Trp 



192 



240 



288 



336 



384 



432 



480 



528 



576 



624 



672 



720 



768 



816 



864 



912 



948 
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305 310 315 

: 6 S&lvmm : genomic DNA 

ffi<E>$cfc : rev ibacteriumlactofermen turn) 

h#ov?— : : AJ12259(FERM P-3565) 

mm 

ATG AGC GAC GCA CCA ATT GTT GTG GCC TAT TTG GGG CCT GCC GGA ACC 48 
Met Ser Asp Ala Pro lie Val Val Ala Tyr Leu Gly Pro Ala Gly Thr 

15 10 15 

TTC ACC GAA GAA GCC CTC TAC AAA TTT GCC GAC GCC GGC CTA TTC GGC 96 
Phe Thr Glu Glu Ala Leu Tyr Lys Phe Ala Asp Ala Gly Val Phe Gly 

20 25 30 

GAC GGT GAG ATC GAG CAG CTA CCA GCC AAA TCG CCA CAA GAA GCT GTC 144 
Asp Gly Glu He Glu Gin Leu Pro Ala Lys Ser Pro Gin Glu Ala Val 

35 40 45 

GAC GCG GTC CGC CAC GGC ACC GCC CAG TTC GCG GTG GTC GCC ATC GAA 192 
Asp Ala Val Arg His Gly Thr Ala Gin Phe Ala Val Val Ala He Glu 

50 55 60 

AAC TTC GTC GAC GGC CCC GTC ACC CCC ACC TTC GAC GCC CTT GAC CAG 240 
Asn Phe Val Asp Gly Pro Val Thr Pro Thr Phe Asp Ala Leu Asp Gin 
65 70 75 80 

GGC TCC AAC GTG CAA ATC ATC GCC GAA GAA GAA CTC GAT ATT GCC TTT 288 
Gly Ser Asn Val Gin He lie Ala Glu Glu Glu Leu Asp He Ala Phe 

85 90 95 

TCC ATC ATG GTC CGG CCA GGG ACT TCG CTT GCC GAC GTC AAA ACC CTC 336 
Ser He Met Val Arg Pro Gly Thr Ser Leu Ala Asp Val Lys Thr Leu 

100 105 110 

GCC ACC CAC CCG GTT GGG TAC CAA CAA GTG AAA AAC TGG ATG GCA ACC 384 
Ala Thr His Pro Val Gly Tyr Gin Gin Val Lys Asn Trp Met Ala Thr 

115 120 125 

ACC ATT CCG GAC GCC ATG TAT CTT TCA GCA AGC TCC AAC GGC GCC GGC 432 
Thr lie Pro Asp Ala Met Tyr Leu Ser Ala Ser Ser Asn Gly Ala Gly 

130 135 140 

GCA CAA ATG GTT GCC GAA GGA ACC GCC GAC GCA GCC GCA GCG CCC TCC 480 
Ala Gin Met Val Ala Glu Gly Thr Ala Asp Ala Ala Ala Ala Pro Ser 
145 150 155 160 

CGC GCA GCC GAA CTC TTC GGA CTG GAA CGC CTT GTT GAT GAT GTC GCC 528 
Arg Ala Ala Glu Leu Phe Gly Leu Glu Arg Leu Val Asp Asp Val Ala 

165 170 175 

GAC GTC CGC GGC GCC CGC AOC CGC TTC GTT GCA GTC CAA GCC CAA GCA 576 
Asp Val Arg Gly Ala Arg Thr Arg Phe Val Ala Val Gin Ala Gin Ala 

180 185 190 

GCC GTT TCC GAA CCG ACC GGC CAC GAC CGC ACC TCC GTC ATT TTC TCC 624 
Ala Val Ser Glu Pro Thr Gly His Asp Arg Thr Ser Val lie Phe Ser 

195 200 205 

CTA CCG AAT GTG CCA GGC AGC CTC GTG CGC GCC CTC AAC GAA TTC GCC 672 
Leu Pro Asn Val Pro Gly Ser Leu Val Arg Ala Leu Asn Glu Phe Ala 

210 215 220 

ATC CGT GGC GTC GAC CTC ACC CGC ATC GAA CCC CGC CCC ACC CGC AAA 720 
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He Arg Gly Val Asp 

225 

GTC TTC GGA 
Val Phe Gly 



GAC ATC CCC 
Asp lie Pro 

GAA CTC GTA 
Glu Leu Val 
275 

ACG CCC CAA 
Thr Pro Gin 

290 
GTT CGC GCA 
Val Arg Ala 
305 



ACC TAC 
Thr Tyr 
245 
GTC GCC 
Val Ala 
260 

TTC GTC 
Phe Val 

ACC GAC 
Thr Asp 

GCA AGC 
Ala Ser 



Leu Thr Arg lie 
230 

CGC TTC CAC CTG 
Arg Phe His Leu 



GAA GCC 
Glu Ala 

GGT TCC 
Gly Ser 

CAA CTA 
Gin Leu 
295 
GAA GGA 
Glu Gly 
310 



CTC CGC 
Leu Arg 
265 
TGG CCC 
Trp Pro 
280 

GCT AAC 
Ala Asn 

AGG AAA 
Arg Lys 



: 7 

£ : 20 



^J&DNA 



20 



mmwrn-.^mm ^aum 
mm 

TCAACAAGCT GGAACGGACG 20 
: 8 

Sd^'icO* ^ : 20 

&M<nm : 

m<o® : 

mi<onm fcnmm 
mm 

CGCCGATTTA CCGCCTTGAG 
6B?IJ#^ : 9 
&P1(0&$ : 21 

&w<nm : mm 

CCGTCTGGAA CCACGCCCGA T 21 
E?'J#^- : 10 
: 21 

w&ww. : mm 
m<r>& : -*m 

ATCGGGCGTG ATTCCAGACG G 21 

mm^ : ii 



Glu Pro Arg Pro Thr Arg Lys 
235 240 
GAC ATA TCC GGA CAT ATC CGC 
Asp He Ser Gly His lie Arg 
250 255 
GCA CTC CAC CTC CAA GCC GAA 
Ala Leu His Leu Gin Ala Glu 

270 

TCC AAC CGT GCA GAA GAC AGC 
Ser Asn Arg Ala Glu Asp Ser 
285 

GTA CAC AAG GCG GAC GAA TGG 
Val His Lys Ala Asp Glu Trp 
300 

CTT AAC TAG 
Leu Asn 
315 

&M<D$:Z : 21 

fm<om : &m 
m<o& : -*m 

&m<omm : fa<omm ^/&dna 

CCGTCTGGAA 
2 1 

£^J#-^ : 1 2 
£*IJ*>*£ : 21 

&wom : mm 
sm<owm : m<omt 

ATCGGGCGGT CTTCCAGACG G 21 
: 13 

mm<o&% : 21 
aa^s : mm 

&y\<nwm : &<Dmm £*&dna 
mm 

CCGTCTGGAA TGACGCCCGA T 21 
S^JS^- : 14 
mW<0&£ : 21 

mw<om : mm 
: -*« 

mnnmm : fe<nmm ^*£dna 

mm 

ATCGGGCGTC ATTCCAGACG G 21 
E9V*9 : 15 



768 



816 



864 



912 



948 



GACCGCCCGA T 



^J&DNA 
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E?lJ<D&£ : 20 

m&i<D® : mm 

GCGGAGCTCG AGAAGTGGTC 20 
m¥m%- : 16 
S^iJ(0g$ : 20 

s&wm : mm 

ACTCAGAATT CCTTCCGAGC 20 
ffi^"J#^ : 17 
E^iJOg$ : 20 



£j&DNA 



GGATTAAAGC TTTGGAGCTT 20 
E*IJ#* : 18 
EfllOftS : 20 
K^'IO^ : 

e^asi : fc(omm ^J&DNA 

GTGG ATGAAT TCACCACCGA 
2 0 

[HI] pTS- a r oF , pTS- ar oG Ojfi 
[05] pMGAlMpMGALlOffii 



[01] 



2] 



PCRa» (oroF) 

ezzzzzzzzzzzzza 



EmHV*Eao472I 
91 ft 



I fro 

n 



Smo I 




jEco RHHInda 3ft 



onoF 



EeoRl 




pTSl <r> 
EcqRI» HlndlT 



ts««a 



BTS- oroFIS 
pTS-ofoF33 



FCR BfcforoG) 



120 



rpHSG396 id 
So gl* Smo I 




Y^zzzzzr Hud© 



EccRl+Hindiaft 



- Mtnnmz zn- 
aroG 




EooRI 



pTS- oroG 4 
pTS- oroG 8 
pTS- oroGJS 
pTS-oroGJ? 
pTS-. <w>G29 
pTS- oroG4Q 



an 
CO 

a 




L-*n-»2BK(mM) 
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[03 J 



300 




0 2 4 6 8 10 

L-7i=Jl^->«j£(mM) 




HindH 
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(si) int. ci. 0 g&suia-g- frftmmm^ fi tiLffim^mm 

C 1 2 P 13/22 C 8931 -4B 

//(C12N 1/21 

C 1 2R 1:19) 

(C 1 2 P 13/22 

C 1 2R 1:19) 



